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This unit of THINGS of science consists of three plane 
mirrors, one sheet of clear plastic, four sheets of colored cello¬ 
phane, one protractor, two photographs, one cardboard eyepiece 
and this explanatory leaflet. The purpose of this unit is to de¬ 
monstrate the science of plane mirrors and their application. 

With this unit you can build four different instruments which use 
mirrors, including a kaleidoscope. 

First, identify the materials in this unit: 

THREE PLANE MIRRORS - 1 3/8” x 4 1/4” x 1/16” glass with 
silvered surface. 

CLEAR PLASTIC SHEET - 3” x 5”. 

FOUR COLORED CELLOPHANE SHEETS - Red, blue, green, 
and yellow, 2” x 2”. 

PROTRACTOR - Plastic instrument for measuring angles. 

TWO PHOTOGRAPHS - Skull photographed at slightly different 
angles. 

CARDBOARD EYEPIECE - Circular piece of cardboard with 
hole in center. 

The first mirror was probably a pool of water in which 
prehistoric man discovered his own features. It undoubtedly 
took a lot of experimenting before he was convinced that there 
was no other man in the water. A still pool serves as a very 
satisfactory mirror. Ever since this discovery man has been 
intrigued by the reflection of light. 

A mirror is able to produce its images due to the fact 
that certain materials and surfaces reflect light rather than ab¬ 
sorb it. Black substances absorb light nonselectively, while 
white substances reflect light nonselectively. Substances that 
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have color absorb light selectively while reflecting the light they 
do not absorb. The mirrors in this unit have been made by de¬ 
positing silver on the back of a glass plate. The thin coating of 
metallic silver acts as an excellent reflector of light. 

All objects reflect light at least to a small degree. It 
would be impossible for us to see them if they did not. Our eyes 
are sensory organs that are able to detect light. Impulses travel 
from the eye to the brain by the optic nerve. It is in the brain 
that sensations occurring in the eye are interpreted as objects 
and as colors. 

The eye is a very sensitive optical instrument. It is able 
to detect innumerable shades of colors, and adjust itself to vary¬ 
ing distances as well as to varying intensities of light. No single 
optical instrument has been able to duplicate the eye. Just as the 
sense of touch furnishes us information about objects with which 
we come in contact, the eye furnishes us information about objects 
also. Reflected light is required to accomplish this. 

The light reaching the eye from a given object may have 
been reflected many times. If you see an object at night when 
the moon is shining, the light which originated at the sun has 
been reflected by the moon. On the way from the moon to the 
earth the light may have been reflected from numberless particles 
floating in the atmosphere of the earth. 

Experiment 1 -- The reflection of light can be illustrated 
rather effectively by the use of a rubber ball or a ping-pong ball. 
When the ball is dropped straight down it bounces straight up. 

When it is thrown at an angle against a solid surface it bounces 
off at an angle. You will note that the angle at which the ball 
strikes the surface is equal to the angle formed by the ball 
leaving the surface, that is, the angle of incidence is equal to 
the angle of reflection. 

Allow the ball to bounce freely. You will note that each 
bounce is lower than the previous bounce. This is due to the loss 
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of energy at each bounce. Since light is not affected by gravity, 
it rebounds from surfaces with no loss in speed. 

Experiment 2 -- Hold one of the mirrors included in this 
unit in your hand and see how light is reflected from a bright 
source such as an electric light or a window. You are able to 
shine the light across the room by rotating the mirror slightly. 
Careful observation shows that the angle of incidence is equal to 
the angle of reflection. The drawing below shows the glance 
angle of incidence and the glance angle of reflection. The angle 
of reflection and the angle of incidence are measured from the 
normal which is an imaginary line drawn perpendicular to the 
plane of the mirror. 



REFLECTION OF LIGHT 

Experiment 3 -- Hold one of the mirrors near a glass or 
cup so that you can see the reflected image. You will note that 
the image appears to be behind the mirror. The image appears 
to be the same distance behind the mirror that the object is in 
front of the mirror. 

Experiment 4 -- Look into one of the mirrors so that you 
can see your own image. You will note that your features have 
all changed sides. Your right eye is now on the left side of your 
face and your left ear is on the right side. How is this done? 
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It is readily understandable if you realize that the light reflected 
from your face is reflected directly back by the mirror. 

If you look closely into the eye of someone else, you can 
see your own reflection. This is very interesting since it means 
that the light reflected from your features is being reflected from 
his eye. Presumably if the reflection were enlarged sufficiently 
you could see his reflection in the reflection of your eye. 

Experiment 5 -- Hold one of the mirrors up in front of 
this leaflet. If you try to read the print in the mirror, it appears 
hopeless. Not only is each letter reversed but each word itself 
is reversed. It is possible after a little practice to read this 
mirror image writing. Now take a second mirror and reflect the 
image from the first mirror a second time. Are you surprised 
at the image you see? 

Experiment 6 --You may want to try to see if you can 
measure the time required for light to reach your eye from an 
incandescent light. Obtain a watch with a second hand. Try 
turning on an incandescent light to see if the time is measurable. 
Try this when the light is reflected from a mirror. Try it at 
different distances. 

Set up the three mirrors so that they reflect the light 
three times before it reaches your eye. Now try to time the 
light when it is reflected in this way. Does the light appear to be 
slowed down by the process of reflection? 

HELIOGRAPH 

You can construct a very interesting piece of apparatus 
known as the heliograph using two of the mirrors found in this 
unit. The heliograph was used at one time as a means of tele¬ 
graphing between two distant points. The two Greek words from 
which the word heliograph is derived mean sun writing. 

Experiment 7 -- The first mirror should be placed out- 
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of-doors against a book or other support. It must be adjusted so 
that it reflects the sunlight into the second mirror. Mount the 
second mirror on a yardstick perpendicular to the plane of the 
mirror so that it can be pointed or aimed. If you have a friend 
who can stand at a point where he can see the mirror you can 
now communicate with him. If he builds a heliograph, you can 
communicate with each other. The Morse Code which is used in 
modern telegraphy can be used with the heliograph. The dots 
and dashes of the Morse Code are made by moving a card back 
and forth in front of the second mirror. 

Experiment 8 -- You can demonstrate multiple reflection 
by using two of the mirrors and the protractor. Place the pro¬ 
tractor on a white piece of paper. Fasten the two mirrors to¬ 
gether with transparent tape along one short side so that they are 
hinged. Stand the mirrors on their long sides on the protractor 
so that they form an angle of 120 degrees, with the apex of the 
angle on the base line of the protractor at the center and one 
mirror along the base line. An object placed at the 90 degree 
mark on the protractor will produce two images in the mirrors. 

Set the mirrors so that they form an angle of 45 degrees. Do 
you see seven images of an object placed between the two mirrors? 
The number of images formed by two mirrors can be calculated 
by dividing the angle between the two mirrors into 360 (the num¬ 
ber of degrees in a circle) and then subtracting one. 

Experiment 9 --By using a mirror it is possible to see 
around a corner. Place one of the mirrors in a door frame by 
means of transparent tape. Now find the proper place to stand 
so that you can see reflections from around the corner of the 
door. If you hold a second mirror in your hand, you will find it 
is easy to find several places to stand in order to see around the 
door. 


Experiment 10 -- Obtain the center cardboard tube from 
a roll of paper towels. Place a mirror in each end of the tube 
at a 45 degree angle so that each one faces you as you hold the 
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tube horizontally in front of you. The mirrors may be fastened 
with transparent tape. Adjust the two mirrors so you can see 
behind you. 

Experiment 11 -- Adjust one of the mirrors in the appara¬ 
tus from the preceding experiment so that it faces away from you. 
Now you can see things in front of you and from a point higher 
than your eyes. This you should recognize as a periscope. 

Experiment 12 -- The next instrument that you can make 
with the materials in this unit is the reflecting stereoscope. To 
make this instrument tape two of the mirrors together so that 
they form a 90 degree angle with the reflecting surfaces outward. 
Set the mirrors on a medium-sized book with the apex of the angle 
pointed toward the center of your forehead. Place the two pic¬ 
tures furnished in this unit about six inches from the mirrors, 
one on each side. You should be able to see the two skulls at 
about the same position in each mirror. Look into the mirrors 
with your eyes about nine inches from the apex of the angle formed 
by the two mirrors. Adjust the position of one picture until the 
two images merge into one. This gives a beautiful three-dimen¬ 
sional effect. 

The multiple image effect produced by two mirrors at 
the proper angle can be used to produce beautiful geometrical 
designs. The instrument that accomplishes this is called the 
kaleidoscope. It was invented by Sir David Brewster in 1814. 

The word is derived from three Greek words meaning beautiful, 
form and see. 

Experiment 13 — The simplest kaleidoscope is made by 
using two mirrors. The cardboard case is made by cutting two 
pieces of cardboard the same sizes as the mirrors. The two 
mirrors are hinged together with transparent tape along one long 
side. The mirrors are then taped to a 60 degree angle or to a 
45 degree angle. The two pieces of cardboard are then taped on 
the mirrors. The third side is covered with clear plastic. Be 
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careful to cut just the right size of this since you will need a 
circle 1 1/2” in diameter for another experiment. Cut out a 
triangle of cardboard and one of white paper to cover the bottom 
of the kaleidoscope. Leave the top of the kaleidoscope open. 
Place several very small pieces of the colored cellophane in the 
kaleidoscope. Look into the open end of the kaleidoscope and 
observe the many geometrical designs that appear. Rotate the 
kaleidoscope and jar it gently to get the maximum in designs. 
These designs appear because of the multiple reflections of the 
simple objects. The designs appear six-sided if the angle of 
the mirrors is 60 degrees. How many sides would appear if the 
angle between the mirrors were 45 degrees? 

Experiment 14 — A more complicated and more perma¬ 
nent kaleidoscope can be made from the materials found in this 
unit plus the cardboard tube from a roll of toilet tissue. Cut a 
piece of the clear plastic just the size of the end of the card¬ 
board tube. You will note that the clear plastic transmits light 
as well as glass does. For your kaleidoscope you need a trans- 
luscent material. This means that the materials transmits light 
but only of a diffuse nature. This piece of plastic can be made 
transluscent by scratching its surface with emery paper or an 
emery board. This makes the surface rough so that light is re¬ 
flected from the scratches to give the effect of many small sur¬ 
faces. The transluscent piece of plastic should be fastened 
securely to the end of the tube with transparent tape. 

Experiment 15 — Tape the three mirrors together with 
transparent tape so that they form a prism whose cross-section 
is an equilateral triangle. Next place these three mirrors in 
the cardboard tube so that they rest on the transluscent plastic 
end. Drop several small pieces of colored cellophane into the 
tube. Then insert the cardboard eyepiece into the top of the 
kaleidoscope. Hold the kaleidoscope so that sufficient light 
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enters the bottom through the transluscent plastic. Note the 
many interesting designs that appear as you rotate the kaleido¬ 
scope. Since the angles between the mirrors are 60 degrees, 
how many sides do the designs appear to have? 

♦ * * 

Note to Science Teachers: This material can be 
used for experiments involving the study of light 
in physics and general science courses. 
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